10 11 CRISPR-Cas systems are adaptive immune systems that protect bacteria from 12 bacteriophage (phage) infection. To provide immunity, RNA-guided protein 13 surveillance complexes recognize foreign nucleic acids, triggering their 14 destruction by Cas nucleases. While the essential requirements for immune 15 activity are well understood, the physiological cues that regulate CRISPR-Cas 16 expression are not. Here, a forward genetic screen identifies a two-component 17 system (KinB/AlgB), previously characterized in regulating Pseudomonas 18 aeruginosa virulence and biofilm establishment, as a regulator of the biogenesis 19 and activity of the Type I-F CRISPR-Cas system. Downstream of the KinB/AlgB 20 system, activators of biofilm production AlgU (a σ E orthologue) and AlgR, act as 21 repressors of CRISPR-Cas activity during planktonic and surface-associated 22 growth. AmrZ, another biofilm activator, functions as a surface-specific repressor 23 of CRISPR-Cas immunity. Pseudomonas phages and plasmids have taken 24 advantage of this regulatory scheme, and carry hijacked homologs of AmrZ, 25 which are functional CRISPR-Cas repressors. This suggests that while CRISPR-26 Cas regulation may be important to limit self-toxicity, endogenous repressive 27 pathways represent a vulnerability for parasite manipulation.
unknown kinases 45, 46 (Fig. 1b) . The resulting accumulation of P-AlgB activates the periplasmic protease AlgW (a DegS homolog), which degrades MucA, liberating sigma known to be subject to post-translational control by Cas1 28 , we sought to dissect the read out the activity of the surveillance complex in the cell. Through the rational design phage replication in a P. aeruginosa strain with a nuclease dead Cas3 (Cas3 D124A , Fig. indicating they were active in the PA14 transcriptional network and were bona fide AmrZ repressor amrZ. We show that these mobilized amrZ homologs retain their capacity to transcriptionally repress CRISPR-Cas, demonstrating a dual role for this gene in the observe CRISPR-Cas activation 8, 9 , and is also when phage infection risk is likely high 276 (i.e. metabolically active, well-mixed planktonic culture 33 ). Conversely, surface-277 association lessens phage infection risk, as spatial structure limits phage dispersal and 278 prevents a phage bloom from overtaking the entire bacterial population 64 . Though we do 279 not measure phage sensitivity in a biofilm here, biofilm production likely provides an 280 even greater level of intrinsic phage resistance, due to high levels of spatial stratification 281 and abundant polysaccharide secretion.
Our analysis of a previously published PA14 RNAseq data set 65 and proteomic data set 66 285 revealed activation of CRISPR-Cas expression in exponential phase, and strong 286 transcriptional repression during stationary phase and biofilm growth (Supplementary 287 Fig. 4a ). Interestingly Cas proteins are still detected in stationary phase and biofilm 288 growth, suggesting the cells retain some immune-competency even after transcriptional 289 shutdown ( Supplementary Fig. 4b) . ii) Previous studies on the P. aeruginosa CRISPR-
290
Cas system have revealed that the genome is hyper-sensitive to CRISPR-induced DNA 291 damage during surface-association and biofilm formation, leading to cell death when a 292 mismatched prophage sequence target is present in the chromosome 30,31 . This suggests 293 that CRISPR auto-immunity costs are also dependent on the growth state and physical 294 environment of the cell, and that CRISPR-Cas regulation in P. aeruginosa is tuned to 295 reflect this intrinsic sensitivity.
296
Here, we report the identification of a CRISPR-Cas repressive pathway in P. aeruginosa.
297
Phages bearing distinct anti-CRISPRs are employed in bioassays to read out the activity 298 of the CRISPR-Cas surveillance complex. Using a CRISPRi phage-repression assay, 299 coupled with translational reporters, we conclude that algU, algR, and amrZ control the pathway. Interestingly, our observations show that CRISPR-Cas activity in P. aeruginosa does not operate at full strength, despite the capacity of a hyper-activated immune CRISPR-Cas immunity in our discovery of MGE-encoded CRISPR-Cas repressors: 309 though CRISPR-Cas control is likely essential for safe retention of the immune system, 310 the evolution of potent mechanisms of CRISPR-Cas repression has created an Achilles
311
Heel that is exploited by genetic parasites.
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